Children with cardiomyopathy carry significant risk of morbidity and mortality. New research and technology have brought about significant advancements to the diagnosis and clinical management of children with cardiomyopathy. However, currently heart transplantation remains the standard of care for children with symptomatic and progressive cardiomyopathy. Cardiovascular rehabilitation programs have yielded success in improving cardiac function, overall physical activity, and quality of life in adults with congestive heart failure from a variety of conditions. There is encouraging and emerging data on its effects in children with chronic illness and with its proven benefits in other pediatric disorders, the implementation of a program for with cardiomyopathy should be considered. Exercise rehabilitation programs may improve specific endpoints such quality of life, cardiovascular function and fitness, strength, flexibility, and metabolic risk. With the rapid rise in pediatric obesity, children with cardiomyopathy may be at similar risk for developing these modifiable risk factors. However, there are potentially more detrimental effects of inactivity in this population of children. Future research should focus on the physical and social effects of a medically supervised cardiac rehabilitation program with correct determination of the dosage and intensity of exercise for optimal benefits in this special population of children. It is imperative that more detailed recommendations for children with cardiomyopathy be made available with evidence-based research.
I. INTRODUCTION
Cardiomyopathies are diseases of the myocardium associated with cardiac dysfunction [1] . They can be classified into four categories: dilated cardiomyopathy (DCM), hypertrophic cardiomyopathy (HCM), arrythmogenic right ventricular cardiomyopathy (ARVC), and restrictive cardiomyopathy (RCM). Each condition can result in congestive heart failure (CHF), the need for heart transplantation, and sudden death [2] . For 57% to 68% of children who have a form of cardiomyopathy, the cause of the disease is unknown [3, 4] . Although efforts must continue to identify distinct causes and effective treatments of cardiomyopathies, research in the past decade has shed light on the epidemiology and etiology of the different classifications of the disease.
DCM is the most common form of the disease, although its incidence ranges between 0.34 to 0.73 cases per 100,000 children [4] [5] [6] . It is characterized by increased left ventricular (LV) chamber size that reduces contractility and results in systolic dysfunction [2, 7] . About half of patients with DCM die within 5 years of diagnosis if they do not undergo transplantation. The cause of death is split evenly between pump failure and sudden death [5] . DCM can be caused by genetics, viruses, and nutritional deficiencies, and understanding the specific etiology of DCM is an ongoing challenge. Although 30-40% of all patients with DCM have a genetic form, defining the etiology of DCM in children [2, 5] is more challenging. In one study, only 34% of pediatric DCM cases had an identifiable cause. Myocarditis and neuromuscular disorders are associated with DCM more frequently than inborn errors of metabolism and malformation syndromes.
HCM is the second most common form of pediatric cardiomyopathy with a reported incidence between 0.32 and 0.47 cases per 100,000 children [8] . Clinically, HCM is identified by ventricular hypertrophy in the absence of a hemodynamic cause [4, 9] . The pathophysiology of HCM includes thickening of the left ventricular posterior wall and the interventricular septum. This anatomy results in hypercontractile systolic function and poor diastolic function. In addition, blood flow from the left ventricle to the aorta may be obstructed [9] . The majority of pediatric HCM cases are idiopathic, and known causes include familial isolated cardiomyopathy, inborn errors of metabolism, neuromuscular disorders, and malformation syndromes, with definitive etiologies more commonly established in girls [10] .
ARVC and RCM occur less frequently than DCM and HCM. ARVC is characterized by the replacement of myocytes in the right ventricle with fatty, fibrous tissue [2, 11] . RCM is characterized by restrictive filling in one or both ventricles during diastole. Systolic function and wall thickness, however, are normal or near-normal [1, 11] . RCM is familial in some pediatric cases, but most cases are characterized as idiopathic [10] . RCM has the worst prognosis with the fewest treatment options [2] . While significant strides have been made in the treatment and survival of children with congenital heart disease, parallel ones have not been made for children with cardiomyopathy. Heart transplantation rates have not declined and remain the standard of care for children with progressive disease [12] . Nearly 40 percent of children who present with symptomatic cardiomyopathy receive a heart transplant or die [13, 14] . Furthermore, the time to transplant or death for children with cardiomyopathy has not improved during the past 35 years, and the most economically advanced nations have no better outcomes than developing nations [12] . Cardiomyopathies have an associated cost of nearly $200 million/year in adults and children in the United States alone [15] . Improvements in technology and medicine have contributed to an improved survival for children having heart transplants, however, it has not resulted in either a normal life span, or quality of life. Thus, exploring ancillary therapies, such as exercise interventions and rehabilitation that may not cure but may potentially improve cardiac function and quality of life are imperative to consider in children with all types of cardiomyopathy.
II. EXERCISE IN PEDIATRIC CARDIOMYOPATHY

A. The Overall Benefits of Exercise
Healthy People 2010 is a public health initiative which aims at increasing the quality and years of healthy life [16] . Active lifestyles are known to reduce the rates of illnesses, while sedentary habits place individuals at risk for the development of diseases such as cardiovascular disease, obesity, diabetes, and musculoskeletal injuries to name a few [17, 18] . While most of the documented improvements are reported in adults, there is emerging evidence that children may benefit as well. The growing rates of obesity in the recent years in children/adolescents are in part due to the increased sedentary lifestyles [17] [18] [19] [20] [21] [22] [23] .
There is an associated downward spiral where children who have a chronic disease are more sedentary, thus placing them at greater risk for secondary diseases [24] (FIGURE 1). Several groups have set guidelines for physical activity in children [25] [26] [27] . Most of these guidelines were written with the normal healthy child in mind. As it relates to the healthy pediatric population, physical activity is usually recommended as adjunctive and preventative therapies, but restrictions are often set (by either the family or the health care provider) when a child has been diagnosed with a chronic illness. These limitations aim to decrease the risk for further or additional complications as a result of physical activity. However, data is limited on safety, efficiency, and effectiveness of exercise programs for children/adolescents with chronic illnesses. New and emerging data are beginning to show the effectiveness and safety of supervised exercise programs in children with chronic diseases [28] .
Types of Exercise-
The individual sessions of a cardiac rehabilitation program should be divided into component parts; aerobic, resistance and flexibility training. All three of these components contribute differently to the general health of individuals. In the prescription of an individualized rehabilitation program, the F.I.T.T. Principle (Frequency, Intensity, Time, and Type) should be implemented [17, 18, 26] , where each component of the exercise program satisfies this principle. Frequency refers to how often the exercise sessions are completed (e.g. two times per week), Intensity is the level of exertion during exercise (e.g. 60% of maximal heart rate), Time refers to the duration of the exercise session (e.g. 45 minutes), and type refers to the specific activity completed (e.g. treadmill). An example of the FITT principle applied to the aerobic component would consist of activity two times per week, in 30-minute sessions, at 50-75% of maximal heart rate, on a cycle ergometer [17, 18] . Similar to the food pyramid for nutrition, a physical activity pyramid indicates the amounts and types of physical activity that should be practiced (FIGURE 2).
a. Aerobic Training: Aerobic exercises are defined as "any activity that uses large muscle groups, can be maintained continuously, and is rhythmic in nature" [17] . Aerobic exercises are comprised of activities that cause the lungs and heart to function at higher levels in order to provide adequate substrates to working muscles over an extended period of time. According to the American Heart Association (AHA) and the American College of Sports Medicine (ACSM), aerobic exercises should be performed at least five days per week [26, 29] . The options for aerobic exercises are endless and the selection of activities that are fun and/or entertaining to the child should remain front and center when prescribing them. Fun activities will promote sustainability and compliance. Recent studies have shown promising results in children who use virtual reality game systems to augment physical activity [30, 31] .
b. Resistance Training:
Resistance training is composed of dynamic movements with progressive overload to increase and improve muscular strength [17, 18, 27, 32] . Previous studies may have been misinterpreted and caused great alarm regarding the safety and longterm adverse consequences of resistance training programs in children [33, 34] . Current evidence suggests that both prepubescent and adolescent children, can increase muscular strength by following a strength-training regimen without additional risk of injury [35] [36] [37] [38] [39] . Furthermore, exercise intervention studies in children, with a resistance-training component, have been published and adverse events have not been reported [36] [37] [38] . Authors acknowledge the potential for injury is greater in this population, but emphasize the need for trained personnel and close supervision of the pediatric participants. Resistance training is recommended 2-3 times per week incorporating all major muscle groups [26, 29] .
For children and adolescents, the goal of a resistance-training program should aim to improve overall body strength with muscular hypertrophy deemphasized. Circuit training programs that emphasize aerobic conditioning while engaging in resistance training have been proven beneficial [39a,40] in children. Careful selection of equipment is necessary and important as placing a small child on adult-sized equipment may lead an unnatural alignment of joints and muscle groups. In general, resistance-training machines are safer than free weights as they allow a fixed pattern of movement, and are easier to learn. Free weights require much more coordination and accessory strength for proper completion of the exercise thus placing a child at greater risk for injury.
Training protocols that prescribe a higher number of repetitions, rather that greater weight, are more effective for children during their first stages of resistance training [41] . There is no evidence that children lose flexibility with strength training [42] . Soon after beginning a strength-training program, it is common to appreciate significant improvements in strength. Initially there are improvements in motor learning, and efficiency of the task [43, 44] due to neuromuscular adaptations to exercise although no significant changes occur at the muscle fiber level. After the acute response, muscle hypertrophy [43] occurs. Hypertrophy is defined by increases in size of the muscle (through increase in myofibrils). Hypertrophy leads to more metabolically active tissue thus generating and utilizing more energy [43] .
c. Flexibility Training: Flexibility training progressively increases the range of motion of a joint or set of joints over a period of time [17, 18] . Flexibility exercises can be completed in both dynamic or static positions. Benefits include increased range of motion, muscular relaxation, less chance of injury and less muscular soreness, to name a few [17, 45, 46] . Flexibility exercises should be preceded by warm-up activities to increase local blood flow to the working muscles [17, 43] . Flexibility exercises should be performed 2-3 times per week and to include exercises for all major muscles groups. All stretches should be performed to the point of mild discomfort, with a sustained stretch for 30-60 seconds [17, 18] .
Effects of Exercise on Children with
Cardiomyopathy-There is a dearth of information regarding the effect of cardiac rehabilitation programs for children with cardiomyopathy. However, it is reasonable to expect that implementing an exercise rehabilitation program in the context of state-of-the-art medical therapies may provide added benefits for children with cardiomyopathy, since these children have lower functional capacities. The decrease in functional capacity is caused, in part, by their cardiovascular disease, but overall physical inactivity is also a contributing factor. Ideally, improved cardiac function and other cardiac biomarkers would provide the greatest evidence for the benefit of exercise rehabilitation in pediatric cardiomyopathy, but functional improvements such as quality of life and decreasing any concomitant cardiac risk factors are equally important.
B. The Effect of Exercise on Cardiomyopathy-Specific Outcomes
1. Aerobic Capacity and Rhythm Disturbances-Aerobic capacity, as determined by the metabolic stress test, is indicative of cardiorespiratory fitness. This test provides clinicians with information about the current fitness level and whether a child can safely participate in a cardiac rehabilitation program without becoming symptomatic or experiencing adverse events. The results may also be used as a marker to track progression. Furthermore, the rehabilitation program may be tailored to an individual based on the results by setting appropriate intensity ranges. Poor aerobic capacity is a cardiac risk factor and this test is used to assess this relationship. Cardiorespiratory fitness is most commonly measured by peak VO 2 . Normative ranges for children have been established that place the patients into categories based on their aerobic fitness [47] . Previous studies have linked tolerance to exercise with prognosis for patients with heart failure [48, 49] . Additionally, cardiorespiratory fitness has been presented to be a better prognostic indicator of health than the New York Association functional class [44] .
Cardiac rhythm during physical activity is measured with a simultaneous electrocardiogram (ECG). The electrical activity of the heart is measured while the patient is under physiological stress. Increased physiological stress may elicit arrhythmias that can be absent in the resting state. The heart tissue of children with cardiomyopathy can disrupt the electrical conduction system in the heart, leading to arrhythmias. Baseline knowledge of a predisposition to arrhythmia is important, as uncontrolled arrhythmias are an absolute contraindication for exercise. Furthermore, certain types of arrhythmias, such as ventricular arrhythmias in HCM, are the primary cause of sudden cardiac death in these children [17, 50] . Other modalities, such as Holter monitoring, can give added information on rhythm disturbances. The advantages of the Holter monitor is that the electrical activity is recorded over 24 hours while the child goes about his/her normal activities. The results may indicate arrhythmias not present during a stress test and also the frequency of these rhythm disturbances.
The acute response to an aerobic exercise session requires cardiorespiratory adaptations. The heart has to increase its metabolism to meet the greater demands placed on the body. The response is short lived and once the child is rested the heart will return to its baseline metabolic rate. Peak VO 2 does not change in response to acute cardiovascular training. Changes in VO 2 are typically expected after weeks of training [51] (the training response [52] ). Many studies have failed to show improvements acutely upon limited exercise sessions, while other reports indicate physiological changes in response to acute exercise [53, 54] . For example, in children with hypertrophic cardiomyopathy, the myocardium may have limited ability to respond to the metabolic demands imposed by acute bouts of exercise (55) .
Improvements in cardiorespiratory fitness are generally realized when aerobic exercises are engaged in for an extended period of time at predetermined aerobic ranges of intensity [17, 18] . Previous intervention studies have found increases in VO 2 in persons with a heart conditions after moderate intensity aerobic conditioning [56] [57] [58] . The duration of the interventions varied from 3-6 months, and 2-3 sessions per week. In the pediatric population with cardiac disease, studies have shown ambiguous results [59, 60] . The type of exercises that are completed along with the intensity and duration in which it is completed are of utmost importance to improve in metabolic fitness. More intervention studies are needed to determine that appropriate duration and intensity levels that may produce beneficial results in children with cardiomyopathy.
Cardiac Function (echocardiography)-Echocardiography is a diagnostic test
commonly used to assess cardiac function. It uses ultrasound waves to create images of the heart chambers, valves and surrounding structures [61] . Important echocardiographic outcomes for children with cardiomyopathy include end diastolic dimension, end systolic dimension, fractional shortening, end diastolic posterior wall thickness and left ventricular mass [5, 9, 10] . Guidelines have been delineated and Z-scores created to categorize children with diseased or normal hearts [62] . Functionally, a decreased shortening fraction will precede a decrease in ejection fraction. As a result, contractility will decrease indicating an overall deterioration of the health of the heart [63] . These values are used clinically to place children into either a conservative treatment approach or transplantation [5] . Towbin et al reported survival based on variables from echocardiography at diagnosis [5] . Echocardiography provides the means for proper determination of clinical care and longitudinal measure to assess the effects of an exercise rehabilitation program.
During a bout of exercise, the increased physical demands require the heart to meet the metabolic requirements of the active tissue to maintain the level of exercise. As a result, there is an immediate increase in heart rate and stroke volume, resulting in an increase in cardiac output [43] . This increase occurs until a steady state is reached and heart rate, stroke volume and cardiac output plateau. In children with DCM who have lower stroke volumes [64] , the associated diastolic dysfunction may prevent the increase in stroke volume [55] . This abnormal response helps explain the decreased exercise capacity in children with cardiomyopathy. Remodeling to the left ventricle, as a result of a single bout of exercise, has not been shown [65] .
For children with cardiomyopathy, abnormal cardiac function remains the greatest concern for overall success of an exercise rehabilitation program. Left ventricular filling is the limiting factor for meeting adequate demands during exercise [66] . However, in other disorders such as children with congenital heart disease, there is an improvement in stroke volume as a result of a cardiac rehabilitation program [67] . A report in adults with ischemic cardiomyopathy suggests that exercise training can improve exercise capacity [68] . Other studies of adults with idiopathic dilated cardiomyopathy showed a significant increase in exercise time and peak oxygen consumption and a decrease in left ventricular end-diastolic dimension and end-systolic dimension. Patients with idiopathic DCM either had improved ventricular function or did not worsen with the exercise program [69, 70] .
3. Vascular Reactivity-Flow mediated vasodilation (FMD) is a method of assessing of endothelial function that is performed commonly at the brachial artery. Abnormal endothelial function may result in vasoconstriction and increased afterload in the heart. Clinically, endothelial dysfunction is an important finding, as studies have suggested endothelial dysfunction to be an independent predictor of cardiac events [71] [72] [73] . Endothelial dysfunction may present in the early stages of cardiovascular disease [74] . Patients with congestive heart failure have impaired vasodilation as a result of increased sympathetic tone, activity of the renin-angiotensin system, and high endothelin levels [75] [76] [77] .
Vasodilation is, in part, mediated by nitric oxide (NO) that is released by the endothelium. Endothelin-1, a chemical mediator produced by the endothelial cell and cardiac myocytes, is inversely related to nitric oxide (NO) levels. An increase in NO decreases endothelin-1 which inhibits vasoconstriction thus limiting afterload. This may lead to an overall beneficial effect by reducing vasculature resistance. Patients with congestive heart failure have higher levels of endothelin-1 that correlate with increased vascular tone as described above [78] . Children who, at baseline, present with increased endothelin-1 measures may likely have decreased vasodilation capabilities.
Regular physical activity can improve endothelium-dependent vasodilation in patients with heart failure [79] . Adult exercise studies have also shown improvements in NO release thereby improving endothelial function [80] . Previous studies have attempted to find a relationship between a single bout of aerobic training and endothelium-dependent vasodilation. After acute exercise, endothelium-dependent vasodilation improves [81] [82] [83] . The causal factor of acute dilation in this situation is the availability of NO [80, 81] . This response causes increased delivery of blood to the distal tissues. Acutely, improvements in vasodilation correlate with better exercise capacity [84, 85] . The mechanisms of the effect of exercise in changing endothelin-1 levels remain unclear. Several studies have indicated the beneficial responses to an exercise program in endothelium-dependent vasodilation [81, 86] . However, other studies show that endothelin-1 levels remained lower four weeks after the end of intervention [87] .
4. Metabolic factors-Global assessment of cardiovascular risk including lipid profiles (total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides), and cardiac biomarkers are important components of the care of patients with cardiomyopathy. Adult studies have demonstrated improvements in all of these factors with the implementation of an exercise rehabilitation program. Cardiac specific markers such as endothelin-1 (see prior section), probrain naturetic protein (BNP), tumor necrosis factor (TNF)-alpha, and highly sensitive Creactive protein (hsCRP) should be monitored. Brain natriuretic peptide is associated with left ventricular dysfunction [14] . Pro-BNP is the precursor to BNP and is used clinically to determine ventricular strain. Adult studies including patients with chronic heart failure have had significant reduction in pro-BNP measures as a result of aerobic training [88] . hsCRP is another inflammatory marker which is predictive of myocardial infarction or other vascular events. Studies have indicated improvements in this marker as a result of a structured cardiac rehabilitation program [89] .
The effects of a single bout of exercise may change some of these biomarkers. However, researchers have found conflicting results with many of the positive changes occurring in people who have higher than normal baseline values of these biomarkers [90] . A single bout of aerobic exercise can reduce triglycerides and increase HDL-cholesterol [91] . These results have been demonstrated in individuals who are highly fit and participate in a prolonged bout of exercise, neither of these conditions are often found in children with cardiomyopathy. Plasma volume expansion may be one potential explanation for these acute responses [91] . Other studies have shown improved glucose control acutely after exercise with results lasting for several days [92] . Studies involving a single bout to one week of training [93, 94] have demonstrated similar results. There seems to be a dose response, however, where the greater the duration and intensity of exercise, the greater the improvement. Acute bouts of exercise can also increase interleukin-6 (a pro-inflammatory cytokine), but appear to cause no damage and levels subsequently decrease post-exercise [95, 96] .
For those patients enrolled in a long-term exercise rehabilitation program, most research indicates improvements in these cardiac-specific biomarkers that are also predictive of morbidity and mortality in patients with congestive heart failure [88, [97] [98] [99] . In chronic heart failure, proinflammatory cytokines and other markers of inflammation are present in higher amounts. Studies have shown variable positive changes with exercise rehabilitation programs [89, 100, 101] , although most have not found a deleterious effect (with increased inflammatory biomarkers) of chronic exercise. However, not all effects of exercise have proven to be beneficial for a child with a chronic disease. If the intensity of the exercise program is great enough, it can stimulate inflammatory cytokines leading to a catabolic state and may adversely affect the child [102] .
III. CASE STUDY
We present the results of a 12 week structured exercise intervention for 2 children with DCM as an example of both the safety and effectiveness of exercise training to improve a variety of clinically important outcomes. Two children with primary dilated cardiomyopathy completed a 12-week exercise intervention program in our hospital-based exercise laboratory. Patients were required to be on a stable dose of medications (at least three months) and required clearance to participate by a pediatric cardiologist. Patients were excluded if they were classified as NYHA Class IV, were unable to achieve maximal exertion on an exercise stress test, or were unable to understand or perform the exercise regimen for any reason including, but not limited to, cognitive or orthopedic problems. The program consisted of twice weekly resistance and flexibility training with an aerobic component over 12 weeks. The aim was to assess if the patients could complete the program safely and to determine whether the exercise program could demonstrate gains in strength, aerobic function, body composition, and quality of life. We hoped to show that such a program can safely end the cycle of inactivity and deconditioning in children with cardiomyopathy.
Baseline testing was conducted to measure anthropometry (height, weight, BMI, skin-fold thickness, dual X-ray absorptiometry (DXA) scanning), left ventricular and overall cardiovascular function (echocardiography, flow-mediated vasodilation), aerobic function (exercise stress testing), strength (1-repetition maximum), quality of life (Functional Status [103, 104] and Child Health Questionnaire [105] ). At the end of the 12-week exercise program, patients were retested for all baseline measures. 
IV. RECOMMENDATIONS A. Screening
In a national study of young competitive athletes who died suddenly, 115 children had a preparticipation medical evaluation, but the cardiovascular abnormality that caused sudden death was found in only one athlete [106] . Screening procedures and policies to clear children for participation in high school sports vary widely by state. Some require a thorough history and physical administered by a physician, but other states have far less stringent requirements.
Thus, detection of potentially harmful cardiovascular defects may be compromised in some states [107] .
According to the AHA's 2006 guidelines, pediatric cardiomyopathy patients can be classified based on risks during stress testing. The lower risk group consists of patients with stable DCM without uncompensated congestive heart failure (CHF) or documented arrhythmia. The higher risk group, however, includes DCM (and restrictive cardiomyopathy) patients with CHF or arrhythmia as well as hypertrophic cardiomyopathy patients who have symptoms, greater than mild left ventricular outflow tract obstruction, and arrhythmia [108] .
A thorough and detailed medical history and interview is critical in the pre-exercise screening of children with cardiomyopathy. A medical history may also expose comorbidities would be essential to treat prior to the prescription of a cardiac rehabilitation program. An interview may reveal definite contraindications to exercise such as unresolved orthopaedic complications or history of unstable arrhythmias [17] . The proper diagnosis of a child will create options in the modes of appropriate treatment.
Medications become the primary mode of therapy for children with cardiomyopathy. Previous studies show children with cardiomyopathy are on a variety of medications with different actions including anticongestive agents (82 %), angiotensin-converting enzyme inhibitors (64%), antiarrhythmic medications (38%), L-carnitine supplements (15%) and dietary supplement (16%) [5] . A list of the most commonly prescribed drugs and their possible effects on physical activity are presented in TABLE 1. The effects of various medications on response to exercise programs should be considered and discussed with the patient prior to the beginning of any exercise program.
B. The Exercise Program
The goals of a pediatric cardiac rehabilitation program are to augment the functional capacity of the child, improve the child's quality of life, improve body composition (to increase the percent of lean body mass over fat mass), to increase overall physical activity outside of the program, to educate the child and family to adopt a healthy lifestyle to reduce the risk of progressive cardiovascular disease, and finally to reduce the risk of future cardiovascular disease resulting in the need for more medical treatment and potential hospitalizations.
In the past, physical activity was not prescribed as a form of treatment, but with the current knowledge of the benefits of exercise, it is becoming a regular part of the medical regime for many patients with chronic disease. Exercise is also indicated for the prevention of many diseases [26, 29] . In adults, cardiac rehabilitation programs are now the standard care for patients following a cardiac event. Yet, little is known on the effect of a structured exercise program for children with chronic illness and specifically, cardiomyopathy. To date there are case reports and small series citing the clinical improvements with exercise in children, but very few, if any, in pediatric cardiomyopathy. However, the benefits of exercise in adults with chronic disease warrant the incorporation and adaptation of similar programs for children. Most children should, given the appropriate medical recommendations, become involved in activities that maximize the benefits of exercise.
Several organizations report guidelines for physical activity in children for the maintenance and prevention of illness [26, 29] . Prescribing exercise to a child with cardiovascular disease has long caused apprehension. The Bethesda Conference developed recommendations as they relate to people with cardiovascular abnormalities [108] . Specifically, hypertrophic, and arrythmogenic cardiomyopathy have been associated with an increased risk of sudden death during exercise in the child and in young adulthood [108, 109] . Although the incidence of these two types of cardiomyopathy are very rare, the risk versus benefit of strenuous exercise does not justify itself. Recommendations should extend to all children who are asymptomatic, regardless of the type of cardiomyopathy, to participate in some form of physical activity. A modest level of physical activity should be considered, yet should be carefully followed by medically trained personnel who have experience with children, who have hypertrophic and arrhythmogenic cardiomyopathy. For other forms of cardiomyopathy, the child should be carefully monitored at baseline and through the progression of the program as outlined below.
Structure of the Pediatric Exercise Rehabilitation
Program-A pediatric cardiac rehabilitation program should optimize the use game-like and child-friendly activities rather than rely on the traditional adult gym equipment (treadmills, stationary bicycles, etc) [110] . For example, one activity-promoting video game, in which children must keep up with prescribed dance movements, has been shown to increase energy expenditure more than walking on a treadmill [30] .
The cardiac rehabilitation program for children with cardiomyopathy will require greater supervision than that needed for a healthy pediatric population, primarily because of the increased risk for a cardiac event. The over-riding philosophy, not necessarily always evidencebased, suggests that these children are at a higher risk for sudden death with exercise. Thus, safety is a priority that should be addressed prior to beginning any exercise rehabilitation program. For this special population, a medically-oriented, team approach will optimize program success. The program should be physician-directed by a pediatric cardiologist along with a physician who has expertise in exercise physiology and nutrition. A coordinated team approach that includes additional staffing such as exercise physiologists, nurse practitioners, registered nurses, dietitians, and social workers is optimal. Experience in evaluating not only medical conditions, but a comprehensive assessment of exercise capacity, nutrition, and psychosocial factors is required. All staff should have the training to handle medical emergencies and the exercise area should be fully equipped with the necessary emergency equipment. The exercise physiologist should have prior experience with children and should be able to provide pediatric advanced life support (PALS). To make the program as safe as possible, the staff to patient ratio should be no greater than 1 to 4 at any time.
There should be open communication between the exercise physiologist and the physician to discuss patient progress and any pertinent changes in condition. All programs should be individualized to the patient based on the results of the baseline tests. The metabolic stress test, cardiac biomarkers and echocardiogram are the measures that have the most clinical importance in determining safety of participating in the program. The exercise physiologist will develop a program using the results of the metabolic stress test. During the stress test, the patient will reach a maximal safe level of activity. The exercise routine will be set to work within the 'safe range' based on heart rate, Rate of Perceived Exertion (RPE) and/or symptoms experienced. All subsequent visits in the exercise program the patient will have a routine working within the previously tested safe levels where the patient is asymptomatic. The patients will be able to participate in a structured program that will still yield the benefits of physical activity. The program should be divided into two phases; intensive phase and maintenance phase and is depicted in FIGURE 4: a. Intensive phase: The program should include at least 24 visits, spanning 12 weeks of training. Three visits per week would be optimal, however two is acceptable. An individualized exercise plan for each child should be developed from the information obtained on the preprogram metabolic exercise test, baseline resistance training capacity, physical exam and past medical history. A metabolic stress test is completed with the use of a metabolic analyzer and a piece of exercise equipment usually a treadmill or cycle ergometer. The testing requires the patient to continuously exercise with incremental stages until volitional exhaustion or the clinician determines a clinical end-point has been reached. The patients are also equipped with an ECG unit. Baseline cardiac function should also be measured (through echocardiography). These baseline values should then be used to determine initial exercise prescriptions as well as to monitor changes as a result of physical activity intervention. During this baseline measurement, indications for treatment may become evident. Optimization of medical therapies is indicated prior to the prescription of any cardiac rehabilitation program. Lastly, an initial assessment of strength is important for any individual beginning a resistance-training program. A baseline value is used not only to gauge increases in strength but more importantly to set the appropriate resistance for the specific exercises to be completed. Prior to any assessment of maximal strength, the patient should have a familiarization period. This is usually done one week prior to testing that will also allow the child to recover from any muscle soreness. Furthermore, familiarization permits motor performance to improve.
The exercise sessions (lasting approximately one to one and one half hours) should consist of aerobic exercise (pediatric friendly games, bicycle or treadmill), as well as resistance training with appropriate warm-up and cool-down periods. The training equipment should be evaluated and meet the size requirement of the child. Appropriately sized equipment is more effective and safer for the child. The exercise sessions should be supervised directly by an exercise physiologist with a pediatric cardiologist on-site. Blood pressure and heart rate should be monitored periodically throughout the exercise session.
The patient's progress should be reviewed weekly (more often as needed) and progressive increases should be made in the child's exercise workload as tolerated and with physician approval. The child's progress should be reviewed with the exercise physiologist and dietitian on a monthly or as needed basis. Education is an important component of the program. A variety of health related topics should be discussed during weekly educational sessions. Prior to the completion of the 12-week intensive phase, an exercise and nutrition plan should be developed for the child and family to ease the transition from the hospital-based program to home. This plan may include lifting free weights at home with an aerobic activity prescription.
b. Maintenance Phase:
The maintenance phase of the program should consist of 2 exercise visits per month for 6 months. The child should be instructed on how to maintain daily exercise and nutrition logs. Exercise and nutrition plans should be re-evaluated and reviews with any of the staff should be scheduled as needed. This continued support is important to both maintain the child's accomplishments and further improve function in the home environment. This will increase the chances of lifetime maintenance of a healthy lifestyle. c. Exclusion criteria: Children with any condition or situation that would interfere with compliance or adherence to the program or that could potentially be harmful to the child should be excluded. Such conditions would include 1. impaired cognitive functioning such that the child is unable to follow instructions, 2. an unstable medical conditions: including but not limited to untreated congestive heart failure, unstable arrhythmias, 3. Under 5 years of age or size too small to use equipment safely, d. Outcomes: The outcome measures should be based on the programmatic goals and be obtained before and immediately following the 12-week intensive program, as well as following the 6-month maintenance phase. These outcomes include 1. functional capacity (VO 2 max [aerobic capacity with evaluation of rhythm disturbances] and 1-RM [muscular strength], 2. echocardiographic evaluation of ventricular function, 3. Cardiac biomarkers to assess ventricular health (pro-BNP, cardiac troponins, and hs-CRP), 4. quality of life and physical activity (and inactivity) assessments, 5. body composition (to determine lean and fat mass), and 6. education -knowledge questionnaires designed by the staff,
V. SUMMARY
The effects of exercise rehabilitation for children with a variety of chronic medical conditions is now only starting to be discovered. Exercise programs that include aerobic, resistance and flexibility training have proved to be safe and effective in improving disease-specific outcomes for children as young as 6 years. Two children with dilated cardiomyopathy presented here underwent a structured exercise program and showed benefits in improving cardiovascular fitness and strength, yet showed no deterioration in ventricular function. We recommend a careful and medically-supervised approach for exercise rehabilitation in children with cardiomyopathy. Larger, prospective studies on the functional and metabolic responses to exercise in children with cardiomyopathy are warranted in order to optimize their quality of life and functional status as well as lower their overall cardiovascular risk. The downward vicious cycle of deconditioning in children with cardiomyopathy. Recommended structure of an exercise rehabilitation program for children with cardiomyopathy.
